Summary The efficacy of ten daily injections of 500 or 500,000 U of recombinant interleukin 2 (IL-2) day-' given 1.5 cm from the insertion of the sternocleidomastoid muscle on the mastoid was evaluated in 31 patients with recurrent head and neck squamous cell carcinoma. No toxic effects were noted. One complete response (CR) and three partial responses (PRs) were observed in the 16 patients who received 500 U of IL-2, whereas the higher dose was not effective. The CR was recorded in one of the seven patients with a oropharyngeal recurrence. Partial responses were obtained in 1/5 patients with hypopharyngeal recurrences, in 1/5 patients with oral cavity recurrences and 1/7 patients with laryngeal recurrences. The duration of the responses was 3-5 months and additional courses of ten injections of IL-2 had no further effect.
Experimental data from murine models have shown that tumour-immunosuppressive capabilities can be drastically modified by the availability of exogenous IL-2 at the tumour growth site or around its draining lymph nodes (Colombo et al., 1992) . As IL-2 plays a crucial immunoregulatory role, its local presence can counteract tumour-borne immunosuppression and help to initiate a complex and multicell-mediated anti-tumour response. The efficacy of this host reaction is related to the presence and quantity of tumour-infiltrating leucocytes and the amount of IL-2 injected. Very low doses are effective, whereas no improvement, or even a loss of efficacy, takes place when a critical threshold is exceeded (Forni et al., 1985; Bosco et al., 1990) . In this IL-2-activated tumour inhibition, the mechanisms of non-specific immunity appear to be prominent initially, whereas a tumour-specific delayed-type hypersensitivity and immune memory are established following tumour rejection (Forni et al., 1987) .
In the light of these experimental findings, we have set up a programme to study the effectiveness of local IL-2 administration in the management of patients with recurrent head and neck squamous cell carcinoma (rH&NSCC). The goals are first to activate a reaction strong enough to affect tumour progression and then to elicit a long-lasting immune memory, thus setting the scene for a novel immunotherapeutic approach. It was felt that these tumours were a rational choice, since they are surrounded by the body's most conspicuous lymph node network and can readily be manipulated from outside through surgical infiltration, both around the tumour itself and in the draining lymph nodes (Cortesina et al., 1988) .
The possibility of initiating local reactivity acquires particular importance in rH&NSCC since these tumours display local growth, a tendency to form local recurrences and regional lymph node metastais. Moreover, there is a direct correlation between the degree of immune suppression and the severity of the prognosis. On the other hand, the very strong immunosuppressive potential of rH&NSCC makes a local immune reactivity difficult to achieve (Cortesina et al., 1982; Wolf et al., 1986) .
In an initial trial, ten patients with inoperable rH&NSCC received a course of ten daily injections of 200 U of natural IL-2 (nIL-2) purified from the supernatant of the Jurkat cell line. A complete (CR) or partial response (PR) was observed in six patients. Decrease and disappearance of neoplastic lesions were documented clinically, radiologically and histologically, but relapses supervened after a disease-free interval of 3-5 months (Cortesina et al., 1988) .
The present study reports the effects of repeated administration of 500 and 500,000 U of recombinant (r) IL-2 around tumour-draining lymph nodes in 31 rH&NSCC patients.
Materials and methods

Trial design
The trial was conducted on patients with rH&NSCC to assess the therapeutic effect of 500 or 500,000 randomly assigned units (U) of rIL-2 (Glaxo, Geneva, Switzerland) injected around tumour-draining lymph nodes. The low dose of 200 U used in the previous trials (Cortesina et al., 1988 (Cortesina et al., , 1991 was increased to 500 U to improve the stability of the recombinant protein and ensure more precise standardisation of the preparations used in the two centres engaged in this study. The 500,000 U dose was utilised since this range has been found effective in local tumour therapy (reviewed by Pericle et al., 1992) and intralesional therapy of head and neck tumours (Rivoltini et al., 1990 
Results
The results are reported in Table I . The CR was observed in a patient (no. 5) who had received radiotherapy for an oropharyngeal tumour. On recurrence after a 9-year diseasefree interval, he refused chemotherapy and commenced the rIL-2 treatment. After 10 days, the tonsillar fossa began to be covered with a layer of necrosis. This then gradually disappeared to reveal smooth clean mucosa after I month (Figure 1) . The four MR patients (nos. 15, 26, 29 and 30) were bearers of more extensive and more heavily treated recurrent oropharyngeal tumours who received IL-2 1 year or longer after the end of their previous therapy. MR was clearly evident after 30 days. One PR and two MRs were obtained in the five patients with oral cavity tumours. The PR was observed in a patient (no. 17) with recurrence of a lateral tumour of the floor of the mouth, treated surgically and with radiotherapy 3 years earlier. The first recurrence appeared after an 18-month disease-free interval and was treated with chemotherapy for 6 months. The second recurrence appeared after a further year and was treated with IL-2. Necrosis of the tumour surface was noted after 12 days, and 60% reduction in size was reached after 60 days (Figure 2) . The two MR patients (nos. 1 and 27) presented recurrences at the primary tumour site and in the cervical lymph nodes. Conventional management had been terminated 9 months prior to IL-2 therapy. A more than 50% reduction in size of the primary site recurrence was obtained in both cases after 20 days. The lymph node enlargement, however, was unaffected, and hence the results were classified as MR.
One PR and three MRs were found in five hypopharynx recurrences. The PR was observed in a patient (no. 11) who had received combined radio-and chemotherapy. The recurrence treated with IL-2 occurred after a 1 year disease-free interval. Direct laryngoscopy revealed its almost complete disappearance after 30 days. The MR patients (nos. 19, 21 and 28) had not been treated for 7 months. MRs were noted after 20 days.
One PR and three MRs were obtained in eight patients with laryngeal recurrences. The PR was observed in a patient (no. 2) who had undergone total laryngectomy for the primary tumour and radiotherapy for the first recurrence. The second recurrence (treated with IL-2) appeared after an 8 month disease-free interval. PR with improved deglutition was achieved after 15 days. The MRs were observed after 20 days in a patient (no. 3) 6 months after the conclusion of chemotherapy, and another (no. 14) 2 years after radiotherapy. The last MR was noted in one of the two subjects with recurrent parotid gland carcinoma. This patient (no. 6) had received various ineffective treatments. IL-2 was begun 6 months after the termination of chemotherapy. Flattening of the tumour and a >40% reduction in its size were observed after 25 days.
Clinical responses were nearly always preceded by improvement of the functional impairment caused by tumour infiltration of the upper respiratory-digestive organs. Pain appeared to increase to a slight degree at first, though it diminished or disappeared when tumour shrinkage began. No major toxic effects were noted in both IL-2 dose groups. Occasional fever episodes (more pronounced in patients receiving the higher dose) were easily controlled with paracetamol. In some cases, reduction of the tumour mass was accompanied by the almost complete disappearance of the necrotic component. Responses lasted 3-5 months and further IL-2 courses were ineffective (data not shown).
Discussion
Perilymphatic administration of low-dose courses of rIL-2 is a simple manoeuvre, devoid of local and systemic side-effects. It led to one CR and three PRs in 31 patients (13%) with rH&NSCC. MRs are reported for interest only, since these carcinoma recurrences progress rapidly and fail to respond to standard therapy, and are omitted in the overall evaluation of the results. All these findings are in line with those of our previous studies conducted with nIL-2 (Cortesina et al., 1988 (Cortesina et al., , 1991 . Unfortunately, the brief duration of all responses and the ineffective treatment of further relapses observed in this and in our previous study point to the development of resistance to IL-2.
One interesting finding in this study is that doses of 500 U of rIL-2 infused regionally are effective, whereas 500,000 U doses are not. Interestingly, in a similar study using intraarterial rIL-2 administration in rH&NSCC patients, the responses seen were at low dose of IL-2 in comparison with the high dose (Gore et al., 1992) , while in experimental models low doses are often more effective inducers of local reactivity (Forni et al., 1985 (Forni et al., , 1987 Bosco et al., 1990) . However, the number of patients is too small for significant comparison. The efficacy of IL-2 treatment may be markedly influenced by the size of the recurrences and their histological features.
The best results in this and our previous study were obtained in small oropharyngeal recurrences. An encouraging susceptibility to IL-2 management was also displayed by hypopharyngeal tumours, as shown initially by marked regression of dysphagia and confirmed by endoscopy. The four responses were in small recurrences in the primary tumour site as opposed to the lymph nodes. A reason is thus found for the failure of nasopharyngeal carcinomas to respond to either nIL-2 or rIL-2, since their recurrences are usually located in the lymph nodes. In the case of lymph node and combined tumour site plus lymph node recurrence, MRs only were found.
The temporary activity of IL-2 against small rH&NSCC recurring at the site of the primary tumour would appear to be confirmed. In effect, the four responses were obtained in tumours that seemed unlikely to respond as they had already been pretreated and no longer responded to conventional therapy. The efficacy of the immune reactivity becomes marginal in these conditions. Patients with rH&NSCC display marked immunosuppression that may impair the establishment of systemic reactivity (Lundy et , 1986) . The fact that a biological therapy was also able to induce 12 MRs is a further point of interest. Our previous findings with nIL-2 (Cortesina et al., 1988 (Cortesina et al., , 1991 and present findings with rIL-2 display some common features: good susceptibility on the part of small recurrences in the primary tumour site, especially the oropharynx; the absence of side-effects; the functional effectiveness of the administration route; and the inverse proportion between tumour mass and clinical response. These features suggest that small primary head and neck tumours before surgery and the minimal residual disease that follows surgery are more suitable settings for locoregional immunotherapy. The aim is to include the injection of IL-2 around tumour-draining lymph nodes in multidisciplinary strategies designed to improve the prognosis of patients with H&NSCC low 5-year survival percentages.
